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An invcatigation vJuS conducted to dotonnino tho fatiguo otrongtii 
of a nev type of all-notal sandwich panel structuro, designed and 
furnished Western En^^inoerlng Associates of Los Angoloo. This 
stracturo consisted basically of a now tjTpo of enbooeed core attached by- 
spot v/elding to one or more smooth sheets of the same EtotEil. Speclaonfl 
testod were all of tho single core, single skin type, Hetol used uoa 
24ST alinimra alloy of 0,032 inch thiclmess. This construction affords 
high structural rigidity for its weight. Two patterns of tho enbossed 
core were tested. One of tho spocinens had its core embossed with a 
triangular pattern, tho other with a square pattern. 

The spednens i^re tested by utilising then as simply Sirpported 
beams, loaded in the center by a sinusoidally varying load of constant 
maxliaum magnitude. This load was applied ly means of loading bars, one 
on tho top of tho spocirjen, tiie other on t}^ bottom. These bars had 
flat, on© inch wido surfaces, contacting tho specimen. To prevent the sharp 
edges of the bars from causing local failuros of tho spoclxions, a layer 
of ono-ei{dith inch thick koroseal was usod between the bars and tho 
specimen, Spacimens testod had a length between end supports of 16,7 
inches. Their width was 9 inches. 

The loading obtained was a combination of bonding and shear. The 
shear stress was of such a low magnitude, however, that it could be 
neglected, 

Pallur© of the specimens was doexaed as occurring at tli© time the 



first crack cDpoared. A nothod vas dovisod for cracl: detection that cor>- 
slstod of laying down a cond ctinf^ strip over a thin Insulating layer in 
a network fashion, covcrinc all saddle points of the core in the central 
area, slnoo previous teotinc h£id disclosed the fact that failure 
occurred at these points first* Any crack in one of those saddles 
caused a break in the conducting strip wMoh ohangod the bias on tho 
controlling electronic tube to a cut off value* This tu'x5 po.s part of 
on Ecoles-Jordan Trigger circuit \^ch with associated tubes allowed 
current flow tlirough a thyratron relay circuit openinc the starting 
ciroiit of the testing mchlns, causing it to stop* 

The data 3ho\ra tlint for the epociiiians oriented in a noraal 
fashion, tliat is, with one of the sides of tho square or triangle of tho 
core parallel to the loading bar, i^ich was the situation for most of 
the tests, the square pattern is vastly siiporior to tho triangular o?io, 
as regards fatigue strength* For speciaeiis oriented in tills way the 
smiare pattern withstood a bonding rioinent of 13.45 indi pounds per inch 
of width; \dioreas tho trlangrilar pattern withstood only 9.23, Two tests 
conducted with the sa-uare core having tho sides of the squares at an 
angle of forty-five dorxeos to tho loading bars gave rosults about nldway 
bQtvreen. However, the effective El for tills configuration wc.s considerably 
reduced, and consequently actual falluro stress was probably about equal 
to that for tho caao where tho sides wro parallel to tho loading bar. 

The triangular pattern was actually mch wrso tlian tho curvo 
shows. At the hif^or loads cracks occurred with very few cycles of 
loading* Automatic cut-off feature was not in use for these tests* In 
service it is highly possible that overloads of short duration night 



cauno snail era dcG u?ilch would bocosriQ focal points of faticuo failure, 
thus reducing: the faticuQ streui^iih wU balou the doslgin point. Tiiis 
v.reakn 03 s of the trlanrniXar pattern arises from tho fr.ct that siaootli 
fillets or saddles, joining depressed and olovated portions of tho cor© 
are harder to obtain in this iinttom than in the square one, Vrinklea 
and tool laarks were prosont in almost everj ono of tho triar.guler 
speoimons tested. 
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Iin’RODUCTION 



Tests wore oonductod to obtain data conoemlnn tho faticuo 
strencth of a spocial t;^T3e sandwlcli construction, conposod of one shoot 
of oraboased alunirtua alloy spot-welded to a flat sheet of the saino 
natorial, Pifiure 1 shows tho material as tested. Previous static tests 
were conducted in GALCIT Structuroa laboratory to dotennin^ critical 
column, bonding, shear and othor properties of tho material. The 
results of those tests are caT lied in Roforonoe 1. 

Fatigue toots were made with a constant load typo of machine, 
nartiely the Universal Fatigue Testing Machine SF-l-Tj in tho Structures 
Laboratoiy of GA I/JIT, 
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EOUII^SIIT AtJD PROCEDURE 

Tho speoiraejn dlinshslono wore nine indies in width wdth a span 
between supports of 16«7 inchoa* Two types of sanchrfLch construction 
wore tested. One had an embossed core of a square pattern, the other 
had a trianculor pattern. Onl^ one ccjmblnation of thicknesses vaos 
tested. This was one in \ih±eh both skin and core were of 24ST aluniimo 
alloy 0,032 inches in tliicknoss. Overall maxiiaun thicknesses of the 
t\#o spsclrions 0.391 inches for th® triangular and 0.357 inches for 
the snuare. For appearance of tho square pattern ready for tho test oeo 
Fieuro 1. 

All spedmens wore prepared for testing in the folloidng Banner* 
T\?o thin coats of Radio Service Cement were sprayed onto the top surface 
of the core. Coverage was confined to a path of about one inch width 
leading from near iho end of the specimen, down its edge to tho centor, 
thencse across, covering all of the saddle points in tho central area, 
returning along the opposite edge to a point near ihe end support. Eort, 
wire terminals v^sre comonted onto the eirtreraities of the cement coverage. 
Paper \ia3 utilized to ellninate contact of tho wire xrf.th the metal. 
Finally, a oontlmous filament of graphite vias painted onto the specimen, 
cosanencing at ons terriinal foHo\dng the insulating c®sont, and ending 
at the ©"pposite teimiinal. Saddle points were crossed parallsl to their 
ridges, Tho fUamont width was approximately one-el(^th inch, narrowing 
to a fraction of that in the region of tho saddle points. Tho resistance 
of this circuit averaged appraximatoly 1CX),0CX) ohms. The natexlal used 
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for the fTap'ilte filamGnt xraB a product having the trade name Aquadag, 
Api^viranoc of tho square core specii-ian ready for testing was as ohoun 
in Pigui*Q 1# 

Tho testing pacliins uaod was of tho constant laoxtoun load tyoe. 

Its designation was Univorsal Patigus Testing Kiachin© SF-i-U. This 
i-oachine obtainod its load by means of an eocentrlc rotating mass that 
was constrained fraa moving in the horlcontal direction. Rotation speed 
was cx)nstant at 1300 R.P.M., thus spociiaan was subjocted to a sinusoidally 
varying load of constant imxiriUin mgnltude throughout the test. The 
machine w'as modified by having placod in oorios id.tli the starting button, 
a two way switch. When this svdtoh was open the macliino could not be 
started. In parallel with this switch was a relay, which Itself was 
part of the electronic control circuit. Thus \dien tho relay was closed 
tho starting circuit of the testing machine motor was closed and mclilne 
could be started by preosifig tho starting button. Howsver, \/hon tho 
relay opened, tho starting circjiit was broken and the macliine stopped. 

For testing with oloctronic control, the tvfo \ny switch was left open 
and sta.'tlng circuit campleted through tho relay. See Figure 4* 

Tho load was apvliod to tho specimens by moans of two loading 
bars. One bar, on the bottom of the specimen applied the up load, tho 
othor on tho top of the spocimen applied the down load. Those bars wore 
one inch square steel, twelve and one-fourth inches long. To prevent 
local bu elding failure of tho opeclnons from tho sliorp edges of tiie bare, 
koroseal shoot ono-olghth inch thick was placod between the bars and tho 
specimen. End sujjports for tho spociraons ’joro ono-half Indi diameter 
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Gtoel rods, that i/ore saciu'od to tho stationai/ p^udi of the testing? 
nachino. The spoclnen’s end v/as nqneosod botvs^eon two of these rods to 
prevent up or down notion, but to allow so®o motion alon^ its lonfth. 
Details of the loading adapter and testing jnaoliino set-up may bo viewed 
in Figures 2, 3, and 10, 

The tests were run In the foHovdj'.g manner; The snecirAen was put 
into the loading adapter and secured, A piece of sheet alumimm was 
secured to the loading bars in such a manner triat it orojeotad out 
horizontally about a half inch from the bars and could be utilized for 
measuring amplitude of motion. Filament terminal wires from the specimen 
were connected into the grid circuit of the control tube. With the 
electronic control circuit energized, the reset Vatton was pushed, 
causing the thyratron tube to cut off and :./Gmit the relay to close. In 
the event the filament was shorted the relay would not close. Load 
sotting was then made by changing' the eccentricity of the rotating mass. 
The machine ms then started by dressing its starting buttcwi and adjusting 
the rheostat control to the full sneed position. The cycle conjnter v;as 
proviougly set to the zero position. The amplitude of oscillation was 
measured utilising the aforementioned projection of alundntn sheet. The 
machine ijas riJtn until such time as the spoci^jusn developed a crack across 
the filojaent, at wiiich time shut-down occurred. 
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RESULTS AlflD DISCUSSIOII 

The data obtained 5.s cocipllod in Tables I and II, and dioalaj’^d 
granhicallv In Fl^^^zres 5, 6, and 7. Failure for this test \ras deoif^tod 
as the aopearance of a eraclc across tho filarient* Several tests ware 
run in wiiich cracks apnearod in saddles not covered v/ith the filniieirfc. 

The results of these tests thrown out. 

In fjoneral, it was detornlned that the sqiJiare pattern \^aa -'.'astly 
superior to tho trlanTOlar one in fatigue strength. This superiority is 
inHiodlately o-</ident in Figure J5, irhero curves ^or the two spocinens aro 
^lotted, Howevor, when the loading of the so’jare pattezn ms at an 
anglo of forty-five de^-rees to the sides of tho squares its effective El 
per inch of vridth \va3 reduced and the fatigue strength vras corresporilincly 
reduced. Only tv/o specir.ons wo:*g tested in tljis fashion, Tho z^3Sulto 
of these two tests show that with this orientation the fatigue strength 
of the square coivo lies about half-vny between that for nomal orientation 
and that, for the triangular core. This tost leads to the consideration 
th.at fo-^ a given thickness of core rnd skin there is sor-o ontluun siso 
of core stanping that c?.vos tho most desirable conbination of stiffness 
and fatipic r.trongth, Inasmuch as El per inch is a f sanction of tho nxrnber 
of saddles or si^ of staunin'*'. 

In an attempt to correlate or comoare results \/ith those obtained 
for a uniforr,! bean, a calculation was mde usingAltandard engineering 
fomula for the stress due to banding, asousiing that the neutral axis of 
the specinono tested was at the exact center of the speciinen. On this 
basis, fatigue failure of tho sq'iaro plate occurred at a loading greater 
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ths.n 10,000 p3i. Pati^ue strength of 24ST is generally given ns in the 
vicinity of 14,000 psi, which would indicate th^t the square pattern, at 
least, had relatively good propertios as rogards faticuej especially" so, 
considering the depth of stajriping of the core. 

Figures 6 and 7 give a comparison between the deflection as 
measured in tlxo testing rxachlno and that that would be obtained using 
values of El as outlined in Reference 1 for the same static load. The 
difference can bo attributed to (1) non-imlfomity of speciroens and (2) 
variation from line load in center. The loading nenbor was one inch 
vrlde and had the seme vridth, one-eighth inch thick shset koroseal 
cemsntod to the faces contacting the specimen. This width of loading 
nonber causad the spocimen to be restrained sonewhat in the center. 
Difficulty was experienced in making up the specimens. The 
graphite, w^-iich was colloidal in nature, would contact the metal through 
the porous r>ortions of the cement insulation. It was found that if a 
resistance iriOter was utilised at the time the graphite tjn.s applied, the 
operation was simplified. One load of the ’'•ister v/as connected to the 
tarmlnal of the fllar.ient from vjhich the painting was to start. The other 
lead was grounded to the olate itself. Thus, when a porous part of the 
insulation was painted over, deviation from infinite rosiotance could be 
irnediatoly noted and filament detoured around this noint, or the defect 
remediod by spraying another layer of cement in that area. 

Figures 3 and 9 indicate the effectiveness of the crack detection. 
Figure S 3ho\m a crack across a saddle point with the graphite fracture 
ensuing. Figure 9 shox//a one of these cracks xdth the graphite and 



ce*'‘ont ronovod. Itmy nachinc rtoppafec oCiTi'jrrod with tho crac?. causing 
the ahut-dovm so fine as to bo barel;^ vioiblo at f. magnlTication of 40 
tinea. It \ni3 nocossetry in ulnoat ail casoa to utilise a reaiatance 
netor to detemlno in vriiicli saddle the crack occuriNad bofoiro the failure 
could bo foiuid. 

One stoppage occurred when the filaj.ient cracked across a tool 
i .^rk. The filejr.ent v'us repairod, only to liave tho opeclnen develop a 
crack at this point and again shut dot/n the mchin©* 
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COIICLUSIOI^S MID 

?ho sqijaro pattern was found to be docidodly superior to tho 
triangular ono with i*6spoct to fatifato stroncth, Th© triangular Tmttam, 
if stanped in ouch a nannor that snoothnoso ovcjr tho fillets or saddles 
could be attained, niight have a fatigue atrongth coisaonsurate to that of 
tho sciuaro oattem, Pailuro of th© triangular spocinens was aggravated 
by tool laarks and ^/Tinkling of tho rr.etal in th© fillots. Mntorial of 
this typo, if plaood in sorvioe, ^;ould bs apt to fail \rlth an overload 
condition lasting for a very fsw c^^clos. At higher loads, craolia in the 
triangular specinens oocurrod alaost sinroltanoously with load aoplication. 
Data for higher loads was obtained watching a raslstonoo meter and 
shutting the nadiino down manually \dien offectivo resistance of tho 
speciinons became approidaiatoly double tlieir original value. In the case 
of tho triangular specinens, at hi^ loads, the roachin© vrcis sccircoly 
brou^;ht up to spo®3 bofor© the resistance jnoter began to show e-'/idonco of 
a crack. 

It is recamrKJnded that tho tests be continued on this mate rial to 
doterrdnQ th© optirnm pattern aiao for -i/arious thicicnesoes of sheet. 

This could bo done by testing a given core-skin thickness cotibina.tion in 
varying core jxittom sise. It 'wriS planncjd to test one othor ixittom 
size for tliis investigation, but similar thieknesocs of a ^eclnens could 



not bo obtained 
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A^’PSI'IDIX 

CRACK DSTKCTIOIi >^ETHCD 

Tho dovslopnant of this nothod cane as a result of the fact that 
tlie spaciiaens tested would have to crack conpletoly across tho core 
before tho limit stop circuit of the testing nacIiinG would operate. It 
was felt that platos should bo considered failed long befoi*e this point 
was reached. In most caoos pieces of the core metal wore broken off 
beforo Unit stops \jere touched. 

The method of using fine uii'O cenentod down over the critical 
points was considered but discarded as being not too foaslblo becauso of 
the conto’or of the coro o2id the aunibor of critical points to be covered, 
Tho method of using a c^raphito flloiaent over on insulating layer appeared 
to be the easiest method and was triod. Using a brush to apply tho 
insulation vjas early discarded, inasmuch as brush marks v/ould leave small 
spots where the grapliite could contact the metal. It was found that 
when the graphite was applied prior to tho time the cement was Gomplotely 
dry a certain a.’riount of shorting out could be discerned on the rcsistanoo 
motor. This was oopeclall^y true in application of the graphite to the 
paper used to hold tho wire to tho tenolnale. It was found dosirable to 
allow tho specimen to dry for about eight hours ai'ter spraying before 
commonclng application of the graphite. As was ^xjinted out, securing 
on© lead of the roaistanco motor to the tominal at ^-dilcb painting of 
tho graphite was to bo coinffionced and the other to the plate itself 
ollninated tho chance of having a g*round in tho filament. The roeistanco 
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meter could be iK;tchod during tiio painting of the filanont* Anj' tins 
the graphite ;/as painted over a porous portion of the insulation a 
sizable dofloction of the resiatanoo inetor occurred. It v^aa a olrole 
■natter to wipe off the shortcd-out portion of the filament ’d.t!i a damp 
jx'ipor tmxsl. This could bo done idth the gi?aphite wet or diy. It is 
interesting to not© that a completed cireiit tmediataly after painting 
would liavQ a resistance In the iKsif^borhood of tw million ohms. This 
value would decrease to approxiir'atoly one hundred thousand ohins urxai 
dri^’ing. 

The filament could withstand considerable strain. It wo,5 tested 
on an alurainum tensile specimen at loads up to 60,000 psi vrithout 
failing. It has a decided strain gage property but appears to be some- 
what unstable and subject to fair-sized resistance chfuiges with cliangos 
of tenperaturo and humidity, 

Tho elootronic circuit was designed ospeclally for these tests. 

It \,ras oouipped with a power eircrait designed to give a constant voltago 
output. Use was riado of on Sccleo Jordan Trigger circuit in tho first 
stag© of control, Tho rermindor of the circriit vias designed so that 
once the th;rratron tube fired the relay would roaain open until such 
tir’.e as the reset button irras pushod, Tho circuit vfas foolproof for the 
tests cond icted, false shutdoxms occurred. Bosldcs this, the 
circuit would not ncmit tho relay to close if the spocirnen to bo tested 



had a shortod filanont 



"The Strorvrfch ProTXjrtios o? a 'Ih’po Sandwldi Panal," California 
Institute of Technology Final Report on Contract No, 
NOa(o)8976, 6 April 1949. 
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TABLE I 



Square 


Pattern .032 x .032 24ST Shoot 




Overall Max Thickness 0,357" 


Dlinonsions 


16.7" X 9.0" El 


= 2560 Ib.ln^ 




D Pattern Ref, 


1 


Load 


Amplitude of 


Cycles 


Pounds 


Vibration 


to 




Indies 


Break 


60 


0.51 


83,200 


55 


0.42 


76,000 


50 


0.45 


37,000 


45 


0.32 


106,000 


47 


0.33 


U5,000 


42 


0.34 


155,000 


38 


0.30 


173,000 


35 


0.225 


313,000 


32 


0.235 


117,000 , 


30 


0.230 


1.974 X 10® 


23 


0.225 


7 X lOf IIo Fail 


26 


0.235 


7 X ICF No Fail 


Loading at 45® to sides 


of core pattern 


30 


0.30 


212,000 


35 


0.37 


96,000 
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TABir. II 



Trian^T‘il^2’ Battem ,032 x *032 24ST Siieet 
Overall ^^ax Thickness .391" 
Dlmonsions 16,7" x 9.0" El Z 2U0 and 24^0 Ib.ln.^ 



B Patteni Ref. 1 



Load 


Anplitudo of 


Cycloo 


'ounda 


Vibration 


to 




Incheo 


Broal: 


53 


0.47 


13,000 


50 


-> 


6,000 


45 


0.36 


24,000 


42 


0.33 


33,000 


37 


0.34 


30,000 


35 


0.255 


72,000 


30 


0.21 


235,000 


23 


0.19 


161,000 


26 


0.18 


102,000 


24 


0.195 


304,000 


22 


0.16 


131,000 . 


18 


0.133 


2.5 X 10^ 



core up 
core down 



Fail 



u 




Figure 1 

Photograph of Tost Spocinen witli Crack Detecting Fila’nent 
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0 

0 Figure 2 

nS 

^ Testing Ifaciiine v;ith Electronic Cut-off Circuit 
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Fi{^^2T0 3 

Close-up of Spocirnen Doing Tested 
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Figitro 3 

T’hotoriiicrograph of Crack Across Fllanont - Magnification 50 r 




22 




Fifjuro 9 

r”nototaic5rot!7*aph of Craak \rf.th ^ilcnnont and Csnsnt Rosiovod 

Ifegniflcation 50 x 
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